Numerous studies have suggested that epinephrine may facilitate neural release of NE. There have been no studies in humans that demonstrate the functional significance of this action. To determine whether epinephrine facilitates neurogenic vasoconstriction in humans, we contrasted forearm vasoconstrictor responses to a reflex stimulus (lower body negative pressure ILBNPI) and to intraarterial NE before, during, and 30 min after infusion of epinephrine (50 ng/min) or isoproterenol (10 or 25 ng/min) into a brachial artery. These doses had no systemic effects. We reasoned that if prejunctional stimulation of beta receptors by epinephrine and isoproterenol had functional significance, the vasoconstrictor response to LBNP would be potentiated in comparison to the response to NE (postjunctional mechanism).
Introduction
Epinephrine facilitates noradrenergic transmission in isolated tissues and intact animals by stimulating prejunctional beta adrenoceptors. These receptors appear to be beta-2 in most species, including man (1) (2) (3) (4) (5) (6) (7) (8) . Because the affinity of epinephrine for beta-2 receptors is more than 200-fold greater than that of NE, one of the physiological roles subserved by epinephrine may be to modulate NE release (2, 9, 10) .
Epinephrine can be taken up into postganglionic sympathetic nerves and released as a co-transmitter with NE for 24 h after its uptake (8, (10) (11) (12) (13) (14) . When released, epinephrine augments the simultaneous discharge of endogenous NE. Thus, the facilitated release of NE may occur after exogenous administration of epinephrine, even when its plasma concentrations have returned to basal levels (12) . Several authors (6, 9, 12) have suggested that endogenous epinephrine could increase NE release in man by this mechanism both during and after episodes of sympathoadrenal stimulation. If so, this effect would provide a potential neural role for epinephrine in both essential hypertension and pheochromocytoma.
There is some evidence in man to support the concept that prejunctional beta receptor stimulation by epinephrine facilitates noradrenergic transmission. However, measurements of plasma NE concentrations during intravenous administration of beta receptor agonists have been equivocal, and the studies had limitations (15) (16) (17) . When the agonists are given intravenously, heart rate and blood pressure change and neurogenic reflex pathways are activated and alter the release and clearance of NE independently of prejunctional influences. Further, the higher doses of epinephrine used could inhibit NE release by stimulating prejunctional alpha-2-adrenoceptors (9, 12) .
Tachycardia persists after infusion of epinephrine, although its plasma concentration and systemic effects return to basal levels within minutes (6, 15) . This sustained response does not follow administration of isoproterenol, which is not taken up by sympathetic nerves (15, 18) , and can be prevented if subjects are pretreated with desmethylimipramine to reduce the neuronal uptake of epinephrine. These studies support the concept that epinephrine can modulate NE release both directly, and as a co-transmitter, although postjunctional responses to the neurotransmitter NE were not examined, and central and other indirect effects cannot be excluded because of the intravenous administration of the beta agonists.
In our studies, we explored these concepts as they relate to neurogenic vasoconstriction in humans.
Our first aim was to determine whether epinephrine augments neurogenic vasoconstriction. To (19, 20) . Our (Fig. 1 ). An LBNP chamber (22) These doses were selected after pilot studies confirmed that they did not affect systemic hemodynamics or FBF in the contralateral arm, but were sufficient to produce local vascular responses.
Intraarterial infusion ofNE
We considered the possibility that epinephrine or isoproterenol might alter the vascular responsiveness to the released transmitter NE The forearm vasoconstrictor responses to LBNP were compared during three consecutive periods in 15 subjects. In eight of these subjects, responses to intraarterial NE were contrasted with the responses to LBNP during the same three periods.
Control period (period 1). 5% dextrose in water was continually infused into the brachial artery at 0.83 ml/min. Responses to LBNP and to intraarterial NE were measured.
Epinephrine period (period 2). After a 0-min rest period, epinephrine, 50 ng/min, was infused intraarterially instead of dextrose and after 10 min, responses to LBNP and to intraarterial NE were measured while the infusion of epinephrine continued. The epinephrine infusion lasted 40 min.
Postepinephrine period (period 3). The epinephrine infusion was stopped and dextrose resumed. 30 min later, responses to LBNP and to NE were obtained.
SERIES 2: EFFECT OF ISOPROTERENOL ON FOREARM VASOCONSTRICTOR RESPONSES
In six subjects, the forearm vasoconstrictor responses to LBNP and intraarterial NE were compared during the infusion ofdextrose (period 1); during a 40-min intraarterial infusion of isoproterenol (10 ng/min or 25 ng/min; period 2); and 30 min after the end of isoproterenol (period 3). The lower concentrations of isoproterenol were infused to avoid any systemic effect in those subjects in whom a minimal systemic effect was detected at the higher dose.
During control periods of series 1 and 2, 5% dextrose in water was infused into the brachial artery at 0.83 ml/min as vehicle in place of epinephrine or isoproterenol. In five of the subjects, FBF was 4.7±0.6 (mean±SE) before and 4.4±0.6 ml/min per 100 ml forearm volume during the dextrose infusion. Thus, as noted previously in our laboratory, the volumes of infusate used in this study do not influence FBF (23).
SERIES 3: EFFECT OF EXOGENOUS NE ON FOREARM VASOCONSTRICTOR RESPONSES
These experiments were done in six subjects because of the possibility that in series 1 and 2 the responses to intraarterial NE might have been altered during period 3 by the prior infusions of NE in periods 1 and 2 rather than by epinephrine or isoproterenol. The aim, therefore, was to determine whether a sustained intraarterial infusion of NE would alter the vasoconstrictor response to a subsequent infusion of NE. These experiments provided in addition a time control with respect to the vasomotor responses to NE in the cannulated arm in the absence of epinephrine and isoproterenol.
FBF was measured at rest, then NE was infused into the brachial artery for 10 min at a dose of 18 ng/min and for 5 min at 36 ng/min. The maximal responses, which were obtained during the last 60-90 s of infusion at 36 ng/min, were recorded. These responses coincide to period 1 in series 1 and 2.
The NE infusion was continued at 36 ng/min for an additional 25 min after which dextrose was infused instead of NE, and 30 min later the forearm vasoconstrictor response to intraarterial NE (superimposed on dextrose) was determined as in the control period. The latter responses to NE coincide to responses in period 3 ofseries 1 and 2. The similarity of responses to NE at the beginning and end ofthe infusions reflects the stability of vasomotor responses to the neurotransmitter over time.
Statistical design and analysis
The purpose was to determine the effect of EPI and of ISO on responses to LBNP and NE in the experimental arm. This was done by comparing results during the control period (1) to results during period 2. Period 3 allowed us to determine whether the effect of EPI or ISO was sustained. This design allowed us to use the same experimental arm as its own control and spare the subjects another arterial cannula in the contralateral arm. The measurement of forearm resistance in the contralateral arm, however, allowed us to demonstrate that the stimulus of LBNP (which was repeated throughout the three periods) was constant, i.e., it caused reproducible results in the absence of epinephrine or isoproterenol. This was essential to ascribe the change in the effect of LBNP to epinephrine or isoproterenol rather than to a change in the magnitude of response to LBNP with time or a change in the degree of the stimulus. Although the amount of suction during LBNP was the same, other factors may have affected the reproducibility ofthe reflex response over the 2-or 3-h period ofthe experiment. The change in FVR in the contralateral arm in response to LBNP was constant in the three periods; thus we could ascribe any change in the response of the experimental arm in period 2 compared with period 1 to the infusion of epinephrine or isoproterenol during period 2. Similarly, a change in response in period 3 compared with period I could be ascribed to the after effect or sustained action of epinephrine or isoproterenol.
Thus, the key comparisons were not those between the two arms but rather those between the three periods in the same arm (i.e., "period X condition" interactions in each arm separately).
Because of the cannulation, baseline flow was high in the experimental arm, and the infusions of epinephrine and isoproterenol increased flow further during period 2 because they are potent vasodilators. To interpret a change in response to LBNP correctly, it was important to determine whether the change in baseline FVR with epinephrine or isoproterenol would change the reactivity ofthe experimental arm to the neurotransmitter NE. Thus, we could deduce whether epinephrine or isoproterenol altered the reflex response to LBNP from two observations: (z) knowing that the stimulus (LBNP) was constant during the three periods (from responses in the untreated contralateral arm); and (ii) determining the responsiveness of the forearm vessels to the intraarterial infusion of the neurotransmitter NE in each of the three periods (in the experimental arm). Since epinephrine and isoproterenol may facilitate the neural release of NE during LBNP we compared responses to LBNPto responses to intraarterial NE in the same experimental arm during each period. This allowed us to evaluate the magnitude and functional significance of the facilitated release of NE. This is the main purpose of the experiment.
Several analyses of variances (ANOVA) were done but a few are shown in the tables below for brevity of presentation. We first used a four-way ANOVA combining series I and 2 to assess the effects of the three periods (1, 2, and 3), two arms (experimental and contralateral), four conditions (rest, LBNP, NE 0, and NE 18), and 14 subjects on the variance. These analyses (not shown) indicated a significant "period X arm" interaction for both flow (P < 0.001) and resistance (P < 0.001), i.e., the effect ofperiod in these responses differed in the two arms, necessitating arm-specific analyses. Therefore separate analyses were completed for each arm. Note that the correlation matrix across the twelve times of measurement (three periods and four conditions for each period) were compound symmetric for both arms and for both flow and resistance. This indicates that the degrees of freedom utilized in the repeated measures ANOVA tables reported are appropriate.
ANOVA in the contralateral arm (not shown) indicated a significant "condition" effect and the lack of a significant period effect. Tukey's test was utilized to confirm which condition was different. The significant condition effect represented the influence of LBNP, since NE was never injected into the contralateral arm and the NE injected in the experimental arm had no systemic effect or influence on the contralateral arm. The absence of a significant period effect is as expected and confirms the stability ofthe effect ofLBNP during the three periods. ANOVA ofthe experimental arm (Table I) shows a significant effect of period and condition in series I and 2.
To determine which periods differed and which conditions differed we applied Tukey's tests (Table II) . The responses to LBNP and to NE were significant and these effects differed in the three periods.
Since the differences between periods included responses to both LBNP and NE (18 ng/ml) during series 1 (EPI) and series 2 (ISO), we analyzed the effects of LBNP and of NE separately in each series.
In series I (EPI) LBNP caused greater responses in period 3; periods 2 and I were not different. Whether all 15 subjects or only the 8 who received NE were included in the analysis the effect of LBNP was greater in period 3 (Table III) . NE on the other hand caused smaller responses in period 2 (P < 0.05); periods 1 and 3 were not different (analyses not shown).
In series 2 (ISO), responses to LBNP were not different in the three periods. Responses to NE were smaller in period 2; periods I and 3 were not different (analyses not shown).
It was important to determine whether the forearm vasoconstrictor response to LBNP relative to NE is augmented in period 2 and period 3, compared with period 1, in each series. The Kruskal-Wallis test was used to assess the effect of epinephrine and isoproterenol on the ratios ofvasoconstrictor responses to LBNP vs. NE, which were not normally distributed.
Flow and resistance at rest during period 1 of each series were compared in the two arms using paired Student (Table IV) . Experimental arm. In the experimental arm (n = 15), the vasoconstrictor response to LBNP, -40 mmHg, was similar before (+9.9±2.2 RU) and during (+10.6±2.2 RU) the epinephrine infusion despite the fall in initial FVR, from 17.6±1.9 to 12.7±1.6 RU during epinephrine (P < 0.01) (Table IV, Fig. 2 ). 30 min after epinephrine when resting resistance had returned to control values, the increase in FVR with LBNP, -40 mmHg (+ 16.4±3.2 RU), was significantly greater than the response before epinephrine (+9.9±2.2; P < 0.005) (Table IV; Fig. 2 ). Responses to -10 and -20 mmHg LBNP tended to be greater after epinephrine than before (P, NS) (Fig. 2) .
In 8 of these 15 subjects, the responses to intraarterial NE in the experimental arm decreased from +8.8±3.1 RU before to +2.6±2.3 RU (P < 0.01) during epinephrine (Fig. 3) . 30 min after epinephrine, the response to NE was restored in part (+4.2±1.2 RU). The ratio of responses to LBNP vs. NE in those eight subjects who received NE increased more than threefold both during (P < 0.01) and after (P < 0.05) epinephrine in comparison with period 1 (Fig. 4) . There were no or minimal changes in resting hemodynamics and in flow and vascular resistance in the contralateral arm during the three periods of this series (Table V) . In the experimental arm, intraarterial isoproterenol caused an increase in resting blood flow and a decrease in vascular resistance. This vasodilation disappeared 30 min after cessation of isoproterenol in period 3 (Table V) .
VASOCONSTRICTOR RESPONSES Contralateral arm. In the contralateral arm, increases in FVR with LBNP did not differ during the three periods (Table V ; Fig. 5 ). Experimental arm. In the experimental arm the response to LBNP during isoproterenol (+8.0±3.6 RU) tended to be lower than preisoproterenol (+ 17.6±6.4 RU), but the difference was not statistically significant (Table V; Fig. 5 ). In contrast, the vasoconstrictor response to NE was markedly reduced, from +7.3±2.9 RU before to +0.3±1.0 RU during isoproterenol (P < 0.05) (Fig. 5) . Thus, the ratio of the response to LBNP vs. NE increased from 2.4 before to 26.3 during isoproterenol.
30 min after cessation of isoproterenol, the vasoconstrictor responses to LBNP and NE (period 3) were not different from values recorded before isoproterenol (period 1) ( Table V Series 3: effect ofprolonged infusion ofNE on forearm vasoconstrictor responses to NE Resting arterial pressure, central venous pressure, heart rate, and FVR in each arm were similar before and 30 min after the prolonged (40 min) intraarterial infusion of NE (36 ng/min).
The vasoconstrictor response to NE (36 ng/min) was similar before (+7.4±1.8 RU) and after (+6.9±2.0 RU) cessation of the prolonged intraarterial infusion of NE.
Discussion
The purpose of our study was to evaluate in humans the functional significance of the reported facilitated release of NE by epinephrine. We examined reflex vasoconstrictor responses to LBNP in 21 normal subjects. We made three observations. First, the forearm vasoconstrictor response to LBNP was preserved during intraarterial infusions of epinephrine and isoproterenol, whereas the response to NE was significantly attenuated. Second, the vasoconstrictor response to LBNP was significantly increased 30 min after cessation of epinephrine infusion. Third, the response was not increased 30 min after cessation of isoproterenol. These observations provide the evidence in humans that epinephrine augments neurogenic vaso- constriction by an action on peripheral neuroeffector mechanisms. We postulate that this is because offacilitated release of the transmitter. Although we did not study the effect of beta adrenoceptor antagonists on these responses, there is good evidence from experimental literature (4, 7, 8, 12) and human studies (17) that the facilitated NE release seen during epinephrine infusions can be prevented by beta adrenoceptor blockade, and after epinephrine by beta adrenoceptor and catecholamine uptake blockade.
Based on this conceptual framework, our observations are consistent with the hypothesis that beta adrenoceptor agonists facilitate the release of NE from sympathetic nerves, and the augmented neurogenic vasoconstriction seen 30 min after epinephrine suggests that the release of NE continued to be facilitated after local plasma concentrations of epinephrine returned to baseline.
We wish to focus our discussion on four points: (i) The advantage of the chosen experimental design; (ii) The inter- 
(i) Experimental design
Three elements are important. First, we compared the vasoconstrictor response to the neurogenic stimulus of NE release (LBNP) with the direct postjunctional response to intraarterial NE under the same experimental conditions. The neurogenic vasoconstrictor response to LBNP is influenced by both the amount ofNE released from sympathetic nerves (facilitated by prejunctional beta receptor stimulation) and by the vascular responsiveness to neurally released NE. Both the neurally released and the exogenous NE stimulate postjunctional alpha-l and alpha-2 vascular adrenoceptors equally (24, 25) . The vascular responses to the neurally released NE could have been altered during the course of these experiments by postjunctional effects of isoproterenol and epinephrine and by changes in resting FVR. The magnitude ofthese effects was assessed by measuring responses to intraarterial NE. We could then use the ratio of forearm vasoconstrictor responses to LBNP/NE during each period of these studies as an index of the amount of NE released during LBNP.
Second, we measured FBF simultaneously in the contralateral arm for two reasons: (a) to demonstrate that the infused catecholamines had no systemic indirect effects, and (b) to confirm that LBNP caused a reproducible neurogenic vasoconstriction that remained stable over the course of the three periods in each series ofexperiments in the absence ofinfusion of EPI or ISO or NE. Differences between responses observed before, during, and after epinephrine or isoproterenol in the experimental arm could thus be ascribed to the local effects of these intraarterial agonists rather than to systemic or "time" effects. 2), and 30 min after (period 3) the intraarterial infusion of epinephrine (EPI), 50 ng/min, into the experimental arm (*P < 0.05, **P < 0.01, compared with period 1). As anticipated from the responses shown in Fig. 3 the ratio LBNP/NE was greater in periods 2 and 3 than in period 1, indicating facilitated release of NE with EPI infusions. These ratios were calculated from the eight subjects in series I in whom NE was infused.
Third, in contrast to previous workers who infused beta receptor agonists intravenously (15-17), we administered these catecholamines into the brachial artery at doses that restricted their effects to the experimental arm to localize their influence to peripheral neuroeffector sites and avoid potential effects on central and ganglionic sites or sensory afferents. The dose of epinephrine was calculated to raise its concentration within the experimental arm to levels seen during intense sympathoadrenal activation without the confounding systemic effects ( 15, 26) .
(ii) Interpretation ofresponses during epinephrine and isoproterenol Changes in resting resistance. Both epinephrine and isoproterenol lowered the initial FVR in the experimental arm. We have previously found that the vasoconstrictor response to intraarterial NE falls when the initial FVR is reduced (27) . We anticipated therefore that reducing FVR, these beta receptor agonists would attenuate the vasoconstrictor responses to both NE and LBNP, unless countered by increased NE release during LBNP. The vasoconstrictor response to LBNP -40 mmHg in the experimental arm was preserved, not attenuated, during the epinephrine infusion. This suggests that the reflex vasoconstrictor response was augmented. Furthermore, the response to NE was much less, and the response to LBNP/NE in the experimental arm was increased more than threefold during the epinephrine infusion, and more than tenfold during isoproterenol. These observations are consistent with the hypothesis that beta receptor agonists facilitate the release of NE from sympathetic nerves.
Decreased responses to NE. The reasons for the decreased responses to NE during epinephrine and isoproterenol may be complex. In human saphenous veins, postjunctional beta adrenoceptor-mediated vasodilation by isoproterenol will counter the vasoconstrictor response to NE (5) . Although the net effect of epinephrine in these studies was vasodilation, epinephrine may occupy postjunctional alpha-2 receptor sites mediating vasoconstriction (28) and attenuate the vasoconstrictor response to a second agonist, i.e., NE, whether administered by infusion or released during LBNP.
Another factor to be considered is the redistribution of blood flow by epinephrine and isoproterenol away from resistance vessels which may be more reactive to NE (29). This redistribution might not affect the vasoconstrictor response to neurogenic vasoconstriction but could attenuate the response to infused NE. There may be a difference between epinephrine and isoproterenol in this respect because of their contrasting effect on alpha receptors and on skin blood flow (30) . How- 18 ng/min NE during the epinephrine infusions was much greater than could be attributed to the 66% increase in FBF produced by epinephrine in the eight subjects in series 1. The effect of the 66% increase in FBF during period 2 would be to dilute the concentration ofinfused NE proportionately to an amount equivalent to 11 ng/min. Yet, the response to 18 ng/min during period 2 (+2.6±2.3 RU) was not statistically significant and was certainly much less than expected with 11 ng/min. In fact, 9 ng/min given during period 1 just before increasing the dose to 18 ng/min caused an increase in resistance of +6.5±3.0 RU (P < 0.02) in these eight subjects. Thus, our conclusion is that dilution of NE in phase 2 does not explain the marked inhibition of responses to NE.
It is difficult to assess the relative contribution of these factors to the attenuated response to NE during epinephrine. However, those that exert a primarily postjunctional effect would be expected to reduce the response to NE and to LBNP to a comparable degree. We therefore interpret the absence of an attenuation of the response to LBNP when the response to NE is reduced as support for the concept of prejunctional facilitation of noradrenergic transmission by beta receptor stimulation.
(iii) Interpretation ofresponses after cessation ofinfusion ofepinephrine and isoproterenol
The forearm vasoconstrictor response to LBNP, -40 mmHg, was clearly increased 30 min after epinephrine. Since epinephrine has a half-life in plasma of only a few minutes (12, 31) , changes in these responses seen 30 min after the infusion of epinephrine may be related to its uptake by nerve terminals rather than to its blood level. Moreover, the influence of changes in baseline resistance and postjunctional effects previously discussed, are minimized 30 min after cessation of epinephrine and isoproterenol. Since the ratio of forearm vasoconstrictor responses to LBNP/NE more than tripled after epinephrine, the augmented neurogenic vasoconstriction was probably caused by facilitation of NE release. 30 min after the infusion of isoproterenol, which is not taken up by sympathetic nerves, the vasoconstrictor response to the reflex stimulus was not augmented, nor was the ratio of vasoconstrictor responses to LBNP/NE. Although there may be other differences between these two catecholamines that may affect local responses, these findings are consistent with previous observations, using catecholamine uptake blockers in isolated tissues (8) and humans (6) . We propose that the amplification of neurogenic vasoconstriction seen after cessation of epinephrine infusion and not after isoproterenol is due to the neural uptake and subsequent release of epinephrine, causing a facilitation of NE release as was seen in period 2 sponse to NE during and post-EPI in series 1 were due to prior infusion ofthese alpha adrenoceptor agonists, a similar attenuation of the vasoconstrictor response to NE should have followed the prolonged infusion of NE in series 3. This did not occur, indicating that the changes seen in the first series could not be explained by alterations in postjunctional alpha-2 receptor responsiveness to infused agonists. These results also demonstrate the stability of the vasomotor responses to NE in the experimental arm after prolonged intraarterial infusion that did not include EPI and ISO.
The augmented response to LBNP might have been caused by a decrease in neuronal re-uptake of the released NE after epinephrine. This is unlikely, since one would expect that the response to the infused neurotransmitter would also be similarly augmented.
Since neurogenic vasoconstriction in periods 2 and 3 was preceded by infusions of NE, we considered the possibility that the augmented neurogenic vasoconstriction, particularly in period 3, could have been related to the uptake of infused NE and its subsequent release in higher local concentration independently of any effect of epinephrine. However, the forearm vasoconstrictor response to LBNP was augmented after epinephrine in those seven subjects in whom NE was not administered (+6.0±1.4 RU before vs. +9.8±2.8 RU after epinephrine, P < 0.05). Furthermore, the response to LBNP was not augmented after NE and isoproterenol in period 3 of series 2.
It is possible that prolonged infusions of epinephrine and isoproterenol may have down-regulated prejunctional beta receptors and epinephrine may have activated prejunctional alpha-2 adrenoceptors. These effects would inhibit, not enhance, NE release, and run contrary to our observations. It is obviously not possible to determine the precise prejunctional mechanism involved in these experiments, but the net effect is one of facilitated release, reasonably explained by a predominant beta receptor activation.
(iv) Significance ofthese observations Our findings are compatible with the hypothesis (13, 32) that endogenous epinephrine may contribute to the initiation of essential hypertension by facilitating the release of NE from sympathetic nerves.
Current experimental evidence suggests that these effects are mediated through beta receptor stimulation, rather than through a nonspecific effect of epinephrine or isoproterenol, since beta adrenoceptor antagonists block similar neurogenic vascular responses in the rat hindlimb (14) and kidney (8) , and in the saphenous veins of dog and man (5) .
Several groups (33) (34) (35) have shown that infusions of epinephrine that do not increase plasma concentration can lead to a sustained elevation ofblood pressure in rats. Brown (6, 15) has proposed that the dissociation between the short plasma half-life of epinephrine and the slow decay of the tachycardia after its infusion is due to a cyclical process of re-uptake and release of epinephrine from cardiac nerves.
We have focused on the vascular responses to beta receptor stimulation in these experiments. The normal forearm vascular response to epinephrine is vasodilation (30); we have demonstrated that epinephrine facilitates NE discharge and augments neurogenic vasoconstriction 30 min after it is infused. Thus, it appears that as a co-transmitter, the predominant effect of epinephrine in the forearm is prejunctionally mediated vasoconstriction, whereas as a humoral agent its predominant effect is postjunctionally mediated vasodilation. We did not determine whether this augmentation can be elicited after increases in endogenous epinephrine, and we do not know whether it persists beyond the 30-min period or decays after repetitive neurogenic stimulation. However, these observations suggest that epinephrine may exert a pro-hypertensive effect in humans minutes, possibly hours, after its direct cardiovascular effect has abated.
A neurogenic component to the higher blood pressure of patients with pheochromocytoma can be unmasked by the clonidine suppression test. 3 h after an oral dose of clonidine, blood pressure falls, presumably because of sympatho-inhibition, but plasma NE concentrations, predominantly of tumor origin, remain elevated (36) . The dissociation between the fall in blood pressure and the high plasma NE suggests that neurally released NE may be more important than circulating NE in maintaining the hypertension of pheochromocytoma. Epinephrine, which circulates in concentrations well above the normal range, could act both directly, and as a co-transmitter on prejunctional receptors to increase noradrenergic release and augment neurogenic vasoconstriction in these patients, and contribute to higher resting pressures and paroxysmal hypertensive surges in this disorder.
Investigation of the role of the sympathetic nervous system in the initiation and maintenance ofessential hypertension has focused on indirect measures of sympathetic activity such as plasma NE concentrations, or pressor responses to sympathetic stimulation. Few clear-cut differences between normal subjects and patients with high blood pressure have emerged from these studies (37). Recently Buhler et al. (38) described consistently elevated plasma epinephrine concentrations in some hypertensive subjects, not only at rest, but during submaximal exercise and a cold pressor test. Brodde et al. (39) found a strong positive correlation between lymphocyte beta receptor density and mean arterial pressure in a group of normal subjects and patients with borderline and established essential hypertension. A transient doubling of beta receptor binding sites in mononuclear cells and a greater heart rate response to a pulse of isoproterenol are evoked by a 30-60 min intravenous infusion of epinephrine or isoproterenol (40) . Thus, as well as facilitating noradrenergic transmission, endogenous epinephrine may also acutely amplify beta adrenoceptor-mediated responses in the heart. These findings, coupled with our present observations, lead us to suggest that some subjects prone to develop hypertension might manifest sustained increases in heart rate and cardiac output, and greater neurogenic vasoconstrictor responses to reflex stimuli than normal subjects after episodes of sympathoadrenal activation. When continued over months or years these sustained elevations of cardiac output and persistent augmentation of neurogenic vasoconstriction could serve to promote vascular hypertrophy and elevate the blood pressure of susceptible individuals.
